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Received April 11, 2011; accepted August 1, 2011AbstractBackground: To investigate the incidence, clinical presentation and possible etiologies or risk factors of early onset of sudden and unexpected
death or near-miss.
Methods: From 2001 to 2005, a retrospective analysis of observational database of neonates who were younger than one week old without any
risk factors at five tertiary medical centers. The demographic data, clinical manifestations, laboratory data and possible etiologies were
retrospectively collected and analyzed.
Results: Seventeen neonates presumed to be healthy at birth encountered early near death in five medical centers in Taipei city. The mean
gestation age (GA) was 38.5  1.2 weeks, mean birth body weight (BBW) was 2948.2  327.8 gm. The median age at event was 26 hours old.
Eleven patients were rooming-in babies with exclusive breast feeding. Seven patients (41.2%) died; seven patients (41.2%) survived with
neurological sequelas, and the remaining three patients (17.6%) survived without complication. Possible causative factors included infection in
two cases, urea cycle disorder in one case, hypertrophic cardiomyopathy in one case, hypocalcemia only in one case, hypocalcemia plus airway
obstruction in one case, dehydration-related diseases in seven cases and unknown in 4 cases; there was no autopsy case.
Conclusion: More effort on promotion of autopsy to discover the underlying disease is necessary and helpful. To build up an alarm system or
protocol for education and early detection is the basis to prevent this tragedy.
Copyright  2012 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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Sudden death in the pediatric population is rare. A study
based on the Taiwan National Health Insurance Database from
2000 to 2006 revealed the annual sudden death rate was 2.7
per 100,000 in the population aged 1e18 years.1 In infancy,
the peak age of sudden infant death syndrome (SIDS) or near
death is between the postnatal age of 1 to 4 months2,3; the* Corresponding author. Dr. Shu-Jen Chen, Department of Pediatrics, Taipei
Veterans General Hospital, 201, Section 2, Shih-Pai Road, Taipei 112, Taiwan,
ROC.
E-mail address: chensj@vghtpe.gov.tw (S.-J. Chen).
1726-4901/$ - see front matter Copyright  2012 Elsevier Taiwan LLC and the C
doi:10.1016/j.jcma.2011.12.009incidence of SIDS from 1984 to 1993 in Taiwan increased
from 0.25 to 0.56 per 1000 live births4; only 1% to 3% of these
cases occurred during the first 2 weeks of life.5e8 Most studies
about SIDS are focused on the cases occurring during the peak
period, and papers concerning the early neonatal near death
were few. In this study, 17 patients with early neonatal sudden
and unexpected death or near death were collected and the
possible etiologies were investigated.
2. Methods
This study waived the need for approval by the Taipei
Veterans General Hospital Institutional Review Board. Thehinese Medical Association. All rights reserved.
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near death is the occurrence of a “life-threatening” situation
within 1 week after birth in newborns who look healthy before
the events. During the period of 2001 to 2005, 17 cases of
early neonatal sudden death or near death were collected from
five medical centers in Taipei, Taiwan. All of them were free
from any risk factor such as prematurity, perinatal asphyxia,
difficult delivery, or congenital anomalies, and the initial
physical examinations revealed nothing particular. Eleven
babies were born at level three hospitals; six babies were
transferred from local hospitals after events. The demographic
data, clinical manifestations, laboratory data, and possible
etiologies were retrospectively collected and analyzed. The
definition of dehydration was more than 5% of body weight
loss within 48 hours after birth.
3. Results
The characteristics of these 17 patients are summarized in
Tables 1 and 2; mean gestational age (GA) was 38.5 1.2
weeks (37e41 weeks), mean birth body weight (BBW) was
2948 328 g (2426e3658 g) and the male-to-female ratio
was 1.14:1 (9:8). The incidence, which was estimated by the
13 inborn patients divided by the total inborn babies in these
five centers during the study period was around 1.9 per 10,000
full-term newborns. Fourteen babies (82.3%) were born via
vaginal delivery; 12 babies (70.6%) were primigravidae. All
patients had no prenatal or perinatal complication, and their
delivery courses were smooth. Twelve patients were exclu-
sively breastfed, two had mixed feeding, two were given
formula, and one was unknown.
The manifestations of the events were sudden onset of
cyanosis in 12 cases, cyanosis with seizure in three cases, and
floppiness in two cases. Eleven episodes occurred in the
maternity ward and six in the nursery. The median age atTable 1
Demographic data of the 17 patients.
Patient Sex GA (wk) Parity Delivery BBW (gm
1 M 39 1 NSD 2820
2 M 38 1 NSD 2990
3 M 40 1 NSD 2800
4 F 38 2 NSD 3658
5 M 40 3 NSD 3100
6 F 40 1 CS 3460
7 M 38 1 NSD 2530
8 M 38 2 CS 3200
9 F 37 1 NSD 2822
10 M 37 1 NSD 2659
11 F 38 1 NSD 2426
12 M 39 1 NSD 3124
13 M 38 1 NSD 2936
14 F 41 1 CS 3170
15 F 39 2 NSD 3115
16 F 38 2 NSD 2650
17 F 37 1 NSD 2660
BBW¼ birth body weight; BM¼ breast feeding; CS¼ caesarean section; F¼ femevents was 26 hours (2e144 hours). Seven events occurred
during 8 AM to 4 PM, four during 4 PM to 12 PM, and six events
during 0 AM to 8 AM. The postures at events were supine in
eight cases, lying on the side occurred in two cases, under the
mother’s axilla occurred in three cases, and postures were
unknown in four cases. Overall, the mortality rate was 41.2%
(7/17); another seven patients had neurologic impairment, and
three patients were free from sequela. There was no autopsy
case. For the nine survivors, no patient had repeated events.
Table 2 shows the possible causative factors: infection in
two patients (group B streptococcus meningitis, pneumonia),
urea cycle disorder in one patient, hypertrophic cardiomyop-
athy in one patient, arrhythmia in one patient, hypocalcemia
only in one patient, hypocalcemia plus airway obstruction in
one patient, dehydration-related diseases in seven patients and
unknown causes in the remaining four patients. All of the four
patients of unknown etiology experienced the events during
the first postnatal day (2w22 hours) and the body weight
change was not recorded at those events. The outcome is also
shown in Table 2. Among the 11 rooming-in patients, six
patients died, four patients had neurologic sequelae, and one
patient was normal at follow-up. On the other hand, for the six
patient with the events happening at nursery, one patient died,
three patients had epilepsy, and two patients were normal.
Table 3 shows the six babies with dehydration; the average
weight loss was 6.9 1.7% (5.1%e10.4%) within the post-
natal ages of 20w47 hours. Among them, one had both
hypoglycemia and hypernatremia, two had hypoglycemia, and
one had hypernatremia. Five cases were of exclusively
breastfed and one baby received mixed-method feeding.
Rooming-in babies comprised two-thirds of the patients
(11/17); all of them exclusively received breastfeeding. There
were more than one-half of the deaths among rooming-in
newborns (6/11). Severe acidosis (pH< 7.2) was found in
five of eight rooming-in patients.) Feeding At events
Age (hr) Weight loss (%) Posture
BM 2 ? Supine
BM 23 2.8 ?
BM 12 ? Hold in arms
BM 9 ? ?
BM 48 1.2 ?
BM 20 5.1 ?
BM 41 6.3 Side lying
BM 42 6.7 Side lying
BM 40 5.7 Supine
BM 45 6.8 Hold in arms
BM 4 ? Hold in arms
BM 31 7.3 Supine
Mixed 47 10.4 Supine
Mixed 22 ? Supine
? 24 ? Supine
Formula 26 ? Supine
Formula 144 3.7 Supine
ale; GA¼ gestational age; M¼male; NSD¼ normal spontaneous delivery.
Table 2
The sites of events, possible etiologies, and outcomes.
Patient Outborn/inborn RI/nursery Possible etiologies Outcome
1 Outborn RI Unknown Mortality
2 Outborn RI Hypocalcemia Epilepsy
3 Inborn RI Unknown Epilepsy
4 Inborn RI Unknown Normal
5 Inborn RI Urea cycle disorder Mortality
6 Inborn RI Dehydration Epilepsy
7 Inborn RI Dehydration Mortality
8 Inborn RI Dehydration Mortality
9 Inborn RI Dehydration Mortality
10 Inborn RI Dehydration, R/O arrhythmia Mortality
11 Inborn RI Hypocalcemia, R/O airway obstruction Cerebral palsy Epilepsy
12 Inborn Nursery Dehydration Epilepsy
13 Inborn Nursery Dehydration Normal
14 Inborn Nursery Unknown Normal
15 Outborn Nursery GBS meningitis Epilepsy
16 Outborn Nursery Pneumonia Epilepsy
17 Outborn Nursery Cardiomyopathy Mortality
GBS¼ group-B streptococcus; RI¼ rooming-in; R/O¼ rule out.
67P.-C. Tsao et al. / Journal of the Chinese Medical Association 75 (2012) 65e694. Discussion
The reports about early neonatal sudden death or near death
are few5e8; this may be due to the scarcity of such cases. In this
study, the estimative incidence of early neonatal near miss was
around 1.9 per 10,000 deliveries, which is consistent with
previous studies.6 These cases should be thoroughly investigated
for possible causative etiologies, especially the treatable ones. A
variety of possible causes, including infection, anemia, aspira-
tion pneumonia, metabolic disorders, and unknown etiologies
had been reported in previous studies.5,6,9 In this study, the
possible causative factors were identified in six babies; they
were group B streptococcus meningitis, pneumonia, urea-cycle
disorder, hypertrophic cardiomyopathy, hypocalcemia, and
hypocalcemia plus airway obstruction. Dehydration-related
morbidity was the probable causes for another seven patients.
The four events of unknown etiologies occurred during the
first postnatal day. One patient had anemia and leukocytosis
[13.8 g/dl and white blood cell count (WBC) 35,440/cumm],
another patient had mildly elevated C-reactive protein
(1.73 mg/dL) and borderline leukocytosis (WBC 29,800/
cumm). Although there were some clues of infection in these
two patients, due to the absence of more solid evidence they
were allotted to “unknown cause.” SIDS or near death happened
unexpectedly; therefore, sometimes there was not sufficientTable 3
Clinical presentations of seven patients with dehydration.
Patient Parity Age At event (hr) Weight loss (%) Place Feeding Hb
6 1 20 5.1 RI BM 13.3
7 1 41 6.3 RI BM ?
8 2 42 6.7 RI BM 15.8
9 1 40 5.7 RI BM 15.6
10 1 45 6.8 RI BM ?
12 1 31 7.3 BR BM 20.9
13 1 47 10.4 BR Mixed 21.5
BM¼ breast feeding; BR¼ bab room; Hb¼ hemoglobin; RI¼ rooming-in.time to thoroughly identify the real causes. To make up this
deficiency, autopsy should be advocated; however, due to the
culture of our society, all six mortality cases had no autopsy.
For newborn babies, there is a postnatal weight loss
primarily due to the contraction of extracellular fluid, the
so-called “physiologic dehydration.”2 The weight loss in the
first 3-5 days averages 4%e7% and should not exceed 10%e
12%.10,11 Macdonald and colleagues12 compared the weight
loss in breast feeding and formula feeding babies during the
first 2 weeks of life; median weight loss was 3.5% of formula
fed and 6.6% of breast fed; 97.5th percentile weight loss was
9.5% of formula fed and 12.8% of breast fed, and the peak
weight loss was at the third to fourth postnatal day. Exclu-
sively breast feeding has been advocated in recent years. From
2004 to 2008, in Taiwan, the prevalence of breast feeding
during first month increased from 54.2% to 72.9%; the prev-
alence of exclusively breast feeding during first month
increased from 33.2% to 54.3%.13,14 The relationship between
exclusively breast feeding and critical weight loss has been
described since 198215; case reports and articles about breast
feeding with hypernatremic dehydration were published
in succession.16e20 Incidence of breast feedingerelated
dehydration was about 7.7%16; these cases comprised 2%e3%
of hospitalized neonates.19 The most common presentations
were neonatal jaundice and poor infant suckling. Major(g/dl) Na (meq/L) Blood sugar (mg/dl) Metabolic acidosis Outcome
141 95 ? Epilepsy
139 135 e Mortality
151 30 þ Mortality
157 158 þ Mortality
? ? þ Mortality
141 26 e Epilepsy
141 18 e Normal
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function, and coagulating-thrombolytic function imbalance.20
In this study, six of 12 babies with exclusive breast feeding
and one baby with mixed feeding had body weight loss >5%
during the initial 2 days; these seven patients are summarized
in Table 3. Six of them were of primigravidae and four of them
had either hypoglycemia, hypernatremia, or both. These
findings implied that dehydration with hypoglycemia and/or
hypernatremia occurred more frequently during the initial
training period of breastfeeding among the unexperienced
mothers and the unskillful newborns. To avoid these tragedies,
babies with exclusive breastfeeding require meticulous moni-
toring of feeding status, urine amount, body weight loss, and
the general activity.
“Rooming-in care of newborns” and “exclusive breast
feeding” have been greatly encouraged recently. The advan-
tages of rooming-in include more convenience for breast-
feeding, reinforcement of the attachment between mothers
and babies, decrease of infection rate, and cost of baby care.21
On the other hand, the popularization of rooming-in raises new
concerns. During the study period of 2001e2005, rooming-in
care was not prevalent in our society; however, such cases
comprised two-thirds of the study population. Moreover, those
rooming-in cases were more prone to have metabolic acidosis
(5/8 versus 2/6) and dehydration (5/11 versus 2/6); their
mortality rate was higher (6/11 versus 1/6), and survivors
without sequela were fewer (1/5 versus 2/5). Therefore,
delayed detection of near death is a potential risk for rooming-
in care. Early detection of the abnormal manifestation of the
rooming-in babies has become a very important issue, espe-
cially for the new-hand mothers.
Limitations of this study include insufficient case numbers
and incomplete data collection, especially in the referred
patients. It was very difficult to collect these cases and their full
information because the events always happened suddenly,
unexpectedly, and were scattered among different hospitals or
clinics. In this study, estimative incidence of near death during
the early neonatal period was around 1.9 per 10,000 live births.
This is comparable with congenital hypothyroidism, which is
the most prevalent inborn error metabolism, and its early
detection is achieved through the newborn screening. However,
it is not routine care to apply cardio-respiration monitors for
every newborn who appears healthy and has no risk factors for
sudden death. Thus, to identify the high-risk group is probably
one of the effective ways. We suggest newborns receiving
rooming-in care should be regarded as a risky group for
delayed detection of near death, especially for the primigravida
mothers who are inexperienced in baby care. For babies with
exclusive breast feeding, insufficient intake leading to exces-
sive dehydration, hypoglycemia, and hypernatremia is
possible; all of these may contribute to the early near death.
Therefore, prompt awareness of insufficient feeding is another
effective way to reduce the occurrence of these tragedies,
which requires adequate instruction to caregivers.
All 17 episodes happened throughout the day, a finding
different from the traditional SIDS, which occurs mostly in the
early morning; this indicated that the pathomechanism of thesetwo entities might be different. The causes of death were
determined in 13 patients; with the exception of dehydration,
congenital cardiomyopathy or congenital infection was proven
at autopsy.
In conclusion, promotion of autopsy to discover the
underlying disease can give physicians more information and
more experience to prevent or alert caregivers regarding the
next unexpected event. Without early detection and early
effective resuscitation, the outcome of near death is very
grave; therefore, adequate training of caregivers is the funda-
mental way to avoid this tragedy. A nationwide data collection
is required, and autopsy should be advocated for a more
informative analysis.
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